In the present study, nearly monodisperse gelatin microparticles were prepared and their thermal and rheological properties were measured. The SPG (Shirasu porous glass) membrane emulsification technique was used to prepare the particles with a narrow size distribution. The particles were cross-linked by UV irradiation in order to control the stability at higher temperatures. The packing density of the particles after the application of the centrifugal force was measured to estimate the deformability of the microparticles.
INTRODUCTION
There are extensive biological, medical, and industrial uses of monodisperse microparticles. In this study, gelatin microparticles cross-linked by UV irradiation with a narrow size distribution were prepared. The cross-linked gelatin microparticles could be applied for a novel cell culture scaffold for suspension culture. 1 In order to obtain a monodisperse emulsion of gelatin droplets, the SPG (Shirasu porous glass) membrane emulsification technique was used. 2 After the incubation of the emulsion at 10 o C for the gelation of the droplets, UV ray was irradiated. Finally, nearly monodisperse cross-linked gelatin microparticles were obtained. In order to characterize the obtained gelatin particles, their thermal and rheological properties were measured. For the application of the particles to the cell culture scaffold, the thermal stability at the physiological temperature would be required. The stability of the particles was examined by time evolution of light transmittance of the suspension after the temperature jump to 37 o C. For the estimation of mechanical property of the microparticles, hematocrit of the suspension was measured. Hematocrit (Ht) is a measure of volume fraction of packed erythrocytes in blood, which is commonly used in blood test. Because the value of Ht is known to be sensitive to the deformability of cells 3 , Ht would be useful to estimate the mechanical property of microparticles. The result of the Ht measurement indicated that the gelatin microparticles obtained in the present study were shown to behave as rigid spheres.
MATERIALS AND METHODS
Porcine gelatin (type: APH-250, Nitta Gelatin Inc.) was dissolved in Milli-Q water at 40 o C at the concentration of 5 wt%. A dispersing medium was prepared by aliquot of polyglycerol fatty acid ester (SY glyster CR-310, Sakamoto Yakuhin Kogyo Co., Ltd.) as a surfactant added to reagent-grade cyclohexane at 5 wt%.
An emulsion of gelatin was prepared by dispersing gelatin droplets in the medium at 40 o C by the SPG (Shirasu porous glass) membrane emulsification technique. The pore size of the membrane was 5.4 μm. The emulsion was quenched to 10 o C to turn the droplets to gel particles. The dispersion of the gel particles was irradiated with UV ray (254 nm, 3400 μW/cm 2 ) from a UV lamp (CSL-100C, Cosmo Bio Co., Ltd.) at 10 o C for 0 -6 h. The distance between the light source and the surface of the suspension was 7 cm. The obtained gelatin particles were successively washed in cyclohexane and in ethanol by the centrifugation at 2,000 rpm for 30 min. Finally, the particles were dispersed in Milli-Q water.
The gelatin microparticles were observed with a microscope. The digital data were taken with a CCD camera, and the size distribution and the average diameter d p of the particles were obtained by the analysis of the digital data. The number density n of the particles was determined with a hemocytometer (Thoma, Hirschman) under the microscope. The volume fraction φ (%) of the particles was calculated from the number density and the average volume v p of a particle as φ = nv p , where the average volume v p is estimated as πd p 3 /6. The thermal stability of the particles was studied as follows: A suspension of gelatin particles was poured in a 1-cm path length of cuvette. The temperature of the suspension was raised rapidly by setting the cuvette in a UV-VIS spectrometer (UVmini 1240, Shimadzu) at the temperature of 37 o C. The transmittance P (%) at λ = 495 nm was measured at appropriate time intervals. The value of P increases with time as gelatin particles melt. The time evolution of the transmittance was represented by (100 -P)/(100 -P 0 ) as a function of time t after the temperature change. Here, P 0 is P at t = 0. The stability of the particles was measured by the melting time t m where (100 -P)/(100 -P 0 ) reaches 0.5.
For the measurement of Ht, the suspension of the particles in a capillary was centrifuged with a hematocrit centrifuge (H-1200F, Kokusan) at 12,000 rpm for 5 min. The hematocrit Ht (%) was calculated as the ratio of the length of the sediment layer to that of the suspension. In the case of a suspension of erythrocytes, which are extremely deformable particles, the hematocrit Ht is equivalent to the volume fraction φ, i.e. Ht/φ = 1. In the case of a suspension of rigid spheres, Ht/φ = 1.6 can be estimated from the packing density of the rigid spheres. Thus the value of Ht/φ for particles generally falls between 1 and 1.6 depending on the deformability of the particles. Figure 1 shows the photograph of gelatin microparticles prepared with UV irradiation of 2 hr. The resolution of the stage micrometer shown in the photo is 10 μm. Figure 2 shows the size distribution of the particles of the irradiation time of 2 hr. The size distributions for other irradiation conditions are almost the same as that in Figure 2 . The average diameter d p was determined as 18 μm independent of the irradiation time. The coefficient of variation (CV) was calculated to be 0.12 according to the definition CV = σ/d p . Here, σ is the standard deviation of the particle diameters. In general, a system is highly monodisperse if CV is less than 0.1. Therefore the particles prepared in the present study are nearly monodisperse. Figure 3 shows the transmittance of light for the suspension of the gelatin microparticles in the plot of (100 -P)/(100 -P 0 ) versus t. The decrease in the value of (100 -P)/(100 -P 0 ) with time indicates melting of the gelatin particles at 37 o C. In Figure 3 , the different symbols are used to distinguish the data for the particles prepared with different UV irradiation conditions. The stability of the particles depends on the irradiation time.
RESULTS AND DISCUSSION
In order to consider the effect of the UV irradiation on the stability of the particles, the melting time t m of the gelatin particles was plotted against the UV irradiation time in Figure 4 . The melting time t m increases with the irradiation time for the irradiation less than 4 h. For the irradiation more than 4 h, t m decreases with the irradiation time.
Although gelatin molecules are cross-linked with each other by the UV irradiation, the irradiation for a longer time period would cause the formation of free radicals, which would degrade the gelatin molecules. The increase in t m for the irradiation less than 4 h would be due to the cross-linking effect by the UV irradiation.
The decrease in t m for the irradiation more than 4 h would be due to degradation of gelatin by the UV irradiation. 
CONCLUSIONS
Nearly monodisprese gelatin microparticles were prepared with the SPG membrane emulsification technique. The stability of the gelatin particles at 37 o C could be controlled by the UV irradiation due to the cross-linking and the degradation effect.
The deformability of the gelatin particles measured by Ht/φ shows that the gelatin particles behave as rigid spheres under the centrifugal forces under the present experimental condition. 
